We report the results of a 3 day coordinated observing program to monitor the flare star Proxima Centauri in the X-ray, optical, and radio spectrum. During this interval 30 optical flares and 12 possible radio bursts were observed. The SAS 3 X-ray satellite made no X-ray detections. We derive an upper limit of L x /L opt < 0.08 for the brightest optical flare. The most sensitive of the radio telescopes failed to detect 6 cm emissions during one major and three minor optical flares, and on this basis we derive an upper limit on the flare radio emission, L R /L 0l > t < 2 X 10" 5 .
I. OBSERVATIONS
reported the first detection of extreme-ultraviolet emission (44-190 Â) from the dM5e flare star Proxima Centauri. This star was observed twice with the EUV-sensitive Apollo-Soyuz telescope during the joint American-Russian mission in 1975 July. Since radiation in this region of the spectrum is not expected from stars of this spectral type in their quiescent states, and since the radiation was observed to be transient, we concluded that it originated in a flare outburst. Flares, sometimes greater than the most energetic type III solar flares, are common in UV Ceti-type flare stars, of which Proxima Centauri is the example closest to us. Unfortunately, no simultaneous optical observations were made at that time.
Important solar flares are usually accompanied by intense radio emission in the centimeter band. There is usually good correlation between the hard X-ray bursts (10-100 keV) and strong impulsive centimeter-wave bursts, while soft X-ray emission (<10keV) is often accompanied by a weaker, slowly varying centimeter burst. The soft X-rays are presumably due to thermal * Staff Member, Quantum Physics Division, National Bureau of Standards. emission from a 10 7 -10 8 K plasma. It is important to ascertain whether stellar flares exhibit analogous radio and X-ray characteristics, which would point to similar processes on other types of stars.
We report in this Letter the results of a coordinated program to follow up the EUV flare observation by monitoring the star in the X-ray, optical, and radio regions during 3 days in 1977 May. The results of a similar coordinated observing program for another flare star, YZ CMi, have been reported recently by Karpen et al. (1977) . They detected 31 minor optical flares and 11 radio events, but found no evidence for X-ray flare emission. Proxima Centauri was observed continuously, except for periods of Earth occultation, from May 16, O h UT to May 18, 24 h UT by the MIT X-ray satellite 3. Coverage in the spectral range 1-55 keV was provided by the horizontal tube detector, two stacked proportional counters, on board the satellite. Simultaneous optical photometric observations in the U band were made with the South African Astronomical Observatory 30 inch (76 cm) telescope (Walker 1977 ) and the No. 1 16 inch (41 cm) telescope at the Cerro Tololo Inter-American Observatory, Chile.
The CSIRO 64 m reflector at Parkes (X = 6 cm) L35 L36 and the 25 m Hartebeesthoek reflector at Johannesburg (X = 13 cm) operated in modes which gave respective time resolutions of 2 minutes and 10 minutes and rms noise fluctuation levels of ^4 mjy 1 and ^37 mjy. Further averaging of the 13 cm data from the smaller reflector over 1 hour intervals resulted in an rms noise level of ^15 mjy. Proxima Centauri was observed for 29.1 hours at 6 cm and 27.3 hours at 13 cm. Several other optical groups took part in the project, but, because of poor weather conditions or instrumental limitations, they were unsuccessful.
A total of 30 optical flares were observed in this time interval. They ranged in brightness from = 15.4 mag to 10.7 mag = 19.8 to 15.1). The apparent U magnitude of Proxima Centauri is mu -14.56 mag. Ten 6 cm radio events were detected with durations ranging from the time resolution of 2 minutes to minutes and with flux densities at the 4-6 cr level. None of the radio bursts occurred while the two successful optical observers were observing the star, however. On the other hand, the 6 cm observations were in progress during three minor optical flares recorded at Cape Town and one major flare recorded at Cerro Tololo; no 6 cm emission was detected near the time of these flares, resulting in an upper limit (4 a) of 13 mjy for the peak flux density. The 13 cm observations were simultaneous with the 26 optical flares, but no 13 cm emission was detected on the 10 minute integrations. At the 4 a level of significance the density was less than 148 mjy, but significant deflections at the 3-4 a levels occurred during two 1 hour integrations which were near optical flares. However, due to the high optical flare rate of ^1 per hour, it is almost certain that each 1 hour radio integration would straddle a flare, so that the reality of the optical-radio correlation is doubtful.
A visual examination of the count rates in the 54 S 3 argon-filled detector (1-10 keV) and the xenon-filled detector (8-55 keV) showed no increase in either during any of the 22 optical flares included in the satellite coverage. The background noise in both detectors was 1 1 mjy = 1 X IO" 29 W m -2 Hz" 1 .
Vol. 225 very stable except for clearly identifiable periodic increases due to satellite passage through the South Atlantic Anomaly.
II. DISCUSSION
A useful characteristic of stellar flares is the ratio of total X-ray to total optical luminosity, L x /L cptj since it is thought that radiation in these two regions of the spectrum is produced by quite different flare processes (Mullan 1976) . L x may be indicative of thermal emission from the flare, while L opt may be a good measure of conductive losses to the photosphere and chromosphere. We derive an upper limit to this ratio by assuming that the X-ray flux could amount to no more than 10% of the background noise. From the observed background count rates, the known response function of the detectors, the offset pointing response, and an assumed special energy distribution for flare radiation, namely, that of a 10 7 K plasma of cosmic abundance, we derive the upper limits for the flare luminosity in the (1-10 keV) band and the extrapolated total X-ray luminosity given in Table 1 . The spectral energy distributions of Raymond and Smith (1977) were used. Also shown is an upper limit for the emission measure. The total X-ray luminosity, defined as in Haisch et al. (1977) , is taken to be the radiation in the interval 1-250 Â (0.05-12.4 keV). Converting the brightest U band flare, M v = 15.1, to the total optical radiation by an assumed flare bolometric correction, BCc; = -1.1 (Kunkel 1970), yields L opt = 9 X 10 29 ergs s" 1 . The ratio of X-ray to optical luminosity for this visually bright flare is then L x /L ovt < 0.08.
For comparison, optical, EUV, and X-ray data for all other known X-ray flare events on Proxima, YZ CMi, and UV Cet are also presented in Table 1 . They are discussed further in Haisch et al. (1977) . The tabulated values are based upon an assumed 10 7 K thermal spectrum. Factors of 2 or 3 changes in the flare emission measure and total X-ray luminosity would result from lowering the assumed plasma temperature to 2.5 X 10 6 K, raising it to 10 8 K, or choosing * Assuming a 10 7 K plasma. f Estimated range based on brightest flare observed as reported in this Letter and average hourly flare (see Haisch et al. 1977) .
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theoretical calculations of the emissivity of hot plasmas other than those of Raymond and Smith (1977; see Haisch et al. 1977 ). However, a flare temperature as low as 10 6 K would have practically all of its X-ray flux at energies below the SAS 3 1 keV threshold, and thus would raise significantly the upper limit on L x /L opt derived above.
The negative radio results also permit us to place some contraints on the ratio of radio to optical emission as well as on the physical parameters of the stellar flare region (see Table 2 ). For example, if, as seems probable, the flare plasma is optically thin at 6 cm and at a temperature of T e = 10 7 K, then our upper limit to the flux density of 13 mjy results in the emission measure fti? dv < 2 X 10 53 electrons cm -3 . This is consistent with the upper limit for the emission measure deduced from the negative X-ray results, but both upper limits are orders of magnitude higher than the emission measures derived for solar flare plasma of 10 49 -10 50 electrons cm -3 . In the event that the stellar plasma is optically thick at 6 cm, we compute the electron temperature to be T e < 6 X 10 8 K for a plasma with linear dimensions equal to R G /15, comparable to those of a large solar flare. This upper limit is again an order of magnitude larger than the electron temperatures ascribed to solar flare plasma. In large solar flares, the impulsive microwave flux density at the 
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Earth can be three orders of magnitude larger than the thermal component. If similar microwave fluxes were emitted by Proxima Centauri, then the resulting flux density at the Earth would be just below the level of detection of our 6 cm equipment. Thus the 6 cm radio result suggests that the flares on Proxima Centauri, which release optical energy of the same order as the largest solar flares, are probably no more energetic than their solar counterparts in the release of microwave and X-ray energy. We are uncertain how to explain the apparent discrepancy between the present L x /L opt upper limit and the estimated range of L x /L 0l> t obtained by our previous EUV experiment. Solar flares show a wide range of X-ray and Ha luminosities, which presumably depend on the variable magnetic and velocity field geometries and strengths. The implication is that L x /L ovi may be highly variable among stellar flares, as suggested by Haisch et al. (1977) . Alternatively, the apparent detection of EUV emission on 1975 July 21 was from an atypical event or the optical emission was much larger than estimated. In any case, despite the inability of the present coordinated observing program to detect simultaneous X-ray and optical emission from Proxima Centauri, we feel that coordinated observing programs are necessary to understand stellar flares and should be pursued with the more sensitive detectors on HEAO A and HE AO B.
